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A b s t r a c t 

The control of PCDDa/Fs formation was Investigated in a aunicipal waste Incinerator cguipped 

with tho electrostatic precipitator (EP). Tho slaultanooua control of tho CO *nd tha HCl 

concentration levels and the gas toaperatura proved vary effective in the control of 

PCDDs/Fa fornalion, reducing the concentration of PCDDs/Fs in fluo g»s »t the EP outlet to 

0.2 ng/Nn' as 2,3,7,8-T,,CDD when they wora evaluated by tho international toxicity 

equivalent factors. 
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Introduction 

As in Japan, in order to roaovo dust in the flue gas the great aajority of aunicipal vasto 

incinerators (HWI) aro equipped with an electrostatic proolpitator (EP) in which PCDDa and 

PCDFs (PCDDa/Fo) are probably generated froa precursors in tho flue gas, it is of urgtnt 

necessity to aako efforts for tho control of PCDDa/Fs foraation In tho inclnoratori. Tha 

paraaeters of the control of PCDDS/Fa foraation havo boon known lo bo CO and HCl levola in 

the flue gas and temperatures of the fluo gas passing through tho EP.Wo havo already found 

effects of roEpeotivc control of C o " and IICI levels^' on the PCDDa/Fs foraalion aa 

presented at DIOXIN '88. 

The object ot this investigation was to find the effect of ooabined control of CO and «C1 

levels in the flue gas and the flue gaa toaporatura in an Incinaralor oquippod with sn EP. 

Experimental 

Incinerator 
Tho MWl used in this investigation was of a atokor typo aanufaclurod by TAKIMA CO., LTD., 

Japan and gas quenching and HCl reaoval systeas wore provided bofora tho EP in tho proeoaa 

of flue eae flow. Tho flow shoot of the MHI svataa is shown in Fl(. I. 
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Fig. 1 Flow Sheet of Municipal Waste Incinerator 

SAMP l i n g 

Flue ffto saaples in tho EP inJct and outlet were siiullaneously collected al tho points 

jhcwn In Fir- 1. Uainc a saapler eysten as shown in Fig. 2, PCDDs/Fs In gas and dust wore 

aeparalcly coIJcclod. Ash saaples wero collected from the conveyor of the EP. 

I CyUftdrIc*! illlci Mb»r filttr Dodacyl sulTal* 

DEAE-SapSadix 

(Adsorbent) 

V«cuuB pu*p Gsa voluB* Hfltcr 

let wAtar bAth 

Fig. 2 Gas Sampler Syntem 

An*ly t Jc* l P rocedure 
PCODs/F» in the gas and iho dust in tho gas saaples and in the EP ash wore analyzed in much 

1 2) tht sasft procedures as we havo previously reported • '. 

Results and Discussion 

F l u t GAS T e m p r i t u r e s a t EP I n l e t and CO and MCI C o n c e n t r a t i o n L e v e l s a t EP O u t l e t 

Table I shows the riuo gas teaperatures 41 tho EP inlet and concentration levels of CO and 

HCl (n the F,P outloi gas. 

The gaa teaperatures were well controlled at throo average temperaluros by water spraying of 

the gas cool ing cquipacnt. Jn exp. 1-J), CO concentration levels were control led at low 

levels oxtroaely well by introducing secondary air to tho furnace at the points (1), (2) and 

(3) shown in Fig. 1, whereas' in exp, 10, introduction of secondary air at point (2) was 

terainated and CO levels auch higher than In exp. 1-9. 
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The concentration levels of HCl in tha gas introduced lo the EP were controlled to three 

average concentrations by Injecting calclua hydroxide into the flue gas before the EP. 

Tablo I Average Gas Tomporaturos at EP Inlet and Averago CO and HCl Concentrellon L«v*l« 

Exp. No. 

1 
2 
3 

4 
5 
6 

7 
a 
9 

10 

Gas Toaperaiuro 

200 

240 
240 
240 

300 
300 
300 

300 

CO concentration 
(ppa) 

4.8 
10.6 
7,7 

3.3 

2.9 

202 

HCl concentratlon 

(pv) 
35 
138 
21? 

93 

III 
88 

H 

L 
H 
H 

il 
251 (H) 

Concentrat ion o f Dust i n EP I n l e t Gas, I n j ec ted Amounts o f Calcium Hydroxide, Formed Amount* 
o f EP Ash and Gas Volumes 
As dust In the HP inlet gas was saapled at a point before the place where calclua hydroxide 

was injected, high concentration of the dust in tho gas indicated laperfect coabustion In 

tho furnace (Table II). In expsriaents at low CO levels, foraod aaounta of EP ash lnerea«ed 

proportionally to injected amounts of calclua hydroxide. Aaounts of the EP ash foraed in the 

EP at the high CO levels wore higher than thoso at the low CO levale. This phenoaenon would 

appear to result from the Incre&se of carbon foraed by iaperfect coabustion In the furnace. 

Tablo II Amounts of Duat in EP Inlet Gaa, Injected Aaounts of Calciua Hydroxide, 

Foraed Aaounts of EP Ash and Gas Voluaes 

Exp. No. 

1 

1 
7 
8 
9 

10 

Dust in EP 
Inlot Gas 

(g/N.^) 

.28 

.21 

.26 

1.52 

1:P 

1.49 

1.51 

Injected 

(g/N»3) 

4.74 
1.64 
0.21 

0.20 

0.19 

0.60 

Foraad 
EP Ash 

(g/N.3) 

2.01 

1.84 

2,13 

3.07 

Gaa Voluao 
at EP Outlet 

(H.3/hr> 

m 
i!ill 
25589 

26120 

23183 

PCDDs/Fs Concentrations in EP In l e t Gas 
Fig. 3 shows FCDDs/Fs concentration levels In the EP inlet gas in all tho oupartconls. Th* 

majority of PCDDs/Fa in the gaa wore observed in the dust. 

1) Relationship between PCDDs/Fs levels and gaa toaporaturos: In oxperiaanta with controllad 

CO levels, PCDDs/Fs in the gas showed higher concentration levels whon tha gas toaparaturos 

were renalnod high. PCDDs/Fs ware forned froa the precursors In tho flue gaa in the procosa 

of flow froa tho furnace to the gas saapling point Just before tho place whor* calclua 

hydroxide was injected. Quenching the gas by watar spray to docroaao tho gaa toaparaturo 

effectively decreased tho PCDDs/Fs foraalion in tho gas. 

2) Rolatlonahip botweon PCDDs/Fa levels and CO levelo: PCDDa/Fs lovols in tho gaa at lb* 

high CO lovols wore auch higher than those al the low CO lovola. ll Is thorofor* rtaaonabl* 

to assume that PCDDs/Fs were foraed aoro under iaperfect coabustion in the furnac*. 
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3) Bolationship between PCDDs/Fa levels and HCl levels: At tho low CO levels , there were no 
groat difforonc* in PCDDs/Fs concentrations in the gas with different HCl levels . Therefore, 
btfore the EP th* HCl lovols in the gas would be not related to tho PCDDs/Ks formation 
d i ro i l l y . In the process of the gas flow fro* the furnace to the EP. the temperaturo of tho 
gas was aore closely relaled lo tho foraation of PCDDs/Fs than HCl levels in the gas. 

" I / . . ' 

PCDDs 
•Oust 
CD cas 

.HMHJUUI 
• • C l l a f t l L 

F i g . 3 PCDDs/Fs C o n c e n t r a t i o n s in EP I n l e t Gas 

PCDDs/Fs Concentrations in EP ash 
Fig,4 abowB PCDDs/Pa concentrations in the EP ash saaples. The higher the ^as tenperatures 
and tho HCl levels in the gas (except for a coabination of the lowest UCI level and the gas 
teaperature of 240'C) wore* tho aore the PCDDs/Fs levels tended to increase. In the eerjes 
of s l a l l a r teaperatures, the foraation tended to increase in the presence of HCI a t higher 
l e v e l s . 

Fig. A PCDDs/Fs Concentrations in EP Ash 

PCDDm/Fu Concentration in EP Outlet Gas 
Fig. 5 ahows PCDDs/Fa concentrations in the EP outlet gas in all the experJaents, 

In every experiaent, PCDDs/Fs concentrations In the EP outlet gas were lower than thoso in 

the correspond ing EP inlet gas, and the aajority of PCDDs/Fs in tho gas saaples wore 

obverved In the gaa contrary to those in the EP inlot gas. 

1) Relationship between PCDDs/Fs concentrations and gas teaperatures: PCDDs/Fs 

concentrations in the EP outlet gas increased when the gas teaporaturos renained higher for 

slaiUr HCl level*. 

2) Relationship betvven PCDDs/Fs concpntratlons and CO levels: PCDDs/Fs concentrations in 

the gas at the high CO level were higher than those at low CO levels controlled by 

introducing tbe secondary sir into the furnace at the point (2). 
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3) Relationship botwncn PCDD,i/Fs concentrations and HCl levels: In tha cxporiaonts at th* 

highest gas temperature and at the low CO lovols, tho PCDDs/Fs levels tended to incraas* 

with higher HCl lovola in the gas. The PCDDs/Fs concentrations at tho lowool HCI 

concentration when the gas totipcraturo wore at 200 and 240*C showod higher lovola lhan at 

other HCl levels. 
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Fig. 5 P C D D K / F S ConcGntrations in EP Outlet Gas 

F o r a a t i o n Dahav io r s o f PCDDs/Fs 

PCDDa/Fs concontratlons in the EP inlet gas (1) and in tho EP (2) are showing Pig. 6. The 

latter concentrations wero expressed as the sua of the PCDDs/Fs concontratlons in the EP 

outlet gas and those in the EP ash converted per Na** of the flue gas, 

PCDDs ^ PCDFs g i ; i : ; ; : , i : . ' ; : ; , ' 
• i cr Ath ^ * 

III III !-• I I-. i-LLIII 
L M H L fl N L h I I K 

lOO'C I 140-C I 3 9 t ' C I I M ' C 
La - I Niffc 

I 3 I 1 I 3 I 2 I 3 I 3 
IICI l a v a ] L H 11 t- H 
Oaa T t a p . lOO'C I 2 4 0 ' C 
CO l e v . l Lev 

Fig. 6 PCDDs/Fs Formation before and in EP 
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Fig. 7 Amounts of Dust in EP Inlet Gas 
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in avory cxpori.onl at the low CO levels, tho total concentrations of PCDDs/Fs in the EP was 

always auch higher than in the EP inlet gas, and tho aajority of I>CDUS/FG in tho EP were 

contained in tho EP ash. indicating that the aajor PCDDs/Fs wero formed in tho EP froa 

pracorsors of PCDDs/Fa In fluo gas and then adsorbed onto particulates of fly ash. 

Al lh« high CO lovola, th* PCDDs/Fs concontratlons foraed al high HCl levels and at 300TC of 

fluo gas Kaperaturo wore auch higher than thoso foraed at similar IICI lovola and gas 

to>p«ralur« in tho ezporlacnts al the low CO levels. 

Tho PCDD»/fs concentration levels in tha EP ware closely related to the aaount of dust In 

Ih* EP inlot gas boforo the Injection of calclu* hydroxide as ahown in Fig.-.. 6 and 7. Since 

thoro wore large aaounts of precursors of PCDDs/Fs fro* iaperfect coabustion in the gas 

whore dust lovols in the gaa wore high, PCDDs/Fs would bo foraod in proportion to the amount 

of th* duat. If tho bag filter had been uaod to ro*ovo the dust in tho gas in place of an 

EP, the rCDDa/Fa conccntrationo in the outlet gas would show levels below those of the 

gaieous PCODs/Fs In tho inlot gas. 

Tho first of iaportant factors to conlrol PCDDs/Fs levels in tho flue gas discharged from 

the sUck la to keep tho CO lovols continuously low during coabustion by offootlvo 

introduction of secondary air, reaultlng In dooroasod foraation of PCDD.i/Fs precursors. Tho 

Bocofld IS lo lower gas toaporaturo aa eoon as possible in the process of gas flow and 

tb«r*by tho foraalion of PCDDs/Fs fro* precursors will be controlled and the third Is to 

rtiove th* dust in the gas by the bag filter aftor injection of calcium hydroxide, tfhon an 

EP is uaod to ro*ovo fly ash, it will bo nocoosary lo lower flue gas tojnpcrature and IICI 

l»v*Ia in the EP to control PCDDa/Fs foraation In the EP. 

Toxicological Evsiuttion of PCDDs/Fs fn Flue Gas 
Bas*d on tho intornalional toxicity equivalent factors, the concentrations of 2,3,7,8-

juballtuud PCDDs/Fo In Ihe EP outlet gaa wore converted to those of T^CDD as shown in Fig. 

g. PCDDa/Fo in tha fluo gas al the EP outlet when tho gaa temporaturca wore al 200T and 

Z40TC al tho low CO lovols showed tho concentration level lowor than 0.5 ng/Nm aa 2,3,7,8-

T.CPO ar.d Iho lowest concentration waa about 0.2 ng/N*^ when the foraation in tho gan wero 

w*lt controlled. 

Fig. 8 Concentrations of PCDDs/Fs Converted to 2,3,7,8-T4CDD 
Toxicity in Flue Gas at EP Outlet 
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